HYDROLOGY AND HYDRAULI C BRANCH

REALLOCATI ON

for
WATER SUPPLY
on
CENTER H LL RESERVO R, TENNESSEE

1. 0. Purpose

The purpose of this docunent is to define the procedure used to
eval uate requests to purchase water supply storage within Center Hill
Reservoir.

2.0. Reallocation Theory

2.1. Consider the design of a “single purpose” water supply dam | f
an entity designs such a water supply dam a mass bal ance process is
usually required to determne the project storage requirenents that
directly link to the size of the damthat is needed.

2.2. Sedinment storage is typically accounted for first in the design
process. Also, the design life of a district project is fifty years;
however, Center Hi Il Dam and Reservoir is already fifty years old. It
is calculated that Center H Il Dam and Reservoir wll [|ast another
fifty years. The conbined |life expectancy wll equal the sedinentation
rate, typically one hundred years. It is also typically assumed to
accunmul ate in the |ower storage reaches of the inpoundnent area. I t
is conputed as if the sedinment |ayers (stacks) agai nst the base of the
dam The | owest intake of the pipe used to withdraw water from the
reservoir is typically designed with an invert elevation |ocated a few
feet above this hypothetical sedinment pool. In reality, sedinent
typically forms a delta in the upstream limts of the reservoir
i npoundnent. Over long periods of time the delta mgrates towards the
dam If an intake is to be located in the upstream nost limts of a
reservoir, then additional sedinent studies are often warranted to
determne the |lowest elevation that a water intake should be | ocated.
Since detailed sedinent studies are often very costly, t he
conservative assunption of sedinments stacking against the base of the
dam i s standard.

2.3. Enough water nust be stored in the reservoir to assure that the
wat er surface does not drop below the effective intake structure
el evati on. This is acconplished by evaluating a mass bal ance of al
inflows and outflows (including water supply of a reservoir system

2.4. Normal inflows to the reservoir system are rain dependent and
i nclude runoff and basefl ow. Under ideal circunstances a |long-term
streangage is |ocated upstream of the dam and records the inflows to
the reservoir directly. Oherwise, inflows are estimted using gages
in the region with simlar hydrologic characteristics or by devel opi ng
sophi sti cated hydrol ogy nodel s.



2.5. The normal outflows from a reservoir system are the w thdrawal s
by the nunicipal & industrial (M& ) user, mandatory rel eases for water

quality and/or for other contractual agreenents, | eakage, and
evaporation. Leakage through the damitself often provides sufficient
flow rates to neet downstream water quality requirenents. I f not,

then seasonal mninum daily outflow requirenments are typically
est abl i shed.

2.6. For small drainage basins the flowin a streamcan go to zero for

periods of nonths during extrenme droughts. For this condition, the
wat er supply dam nust provide stored water to offset these periods of
zero inflow If historically, there was a 120 day period of no flow

at a dansite then the mninum storage requirenent would be 120 tines
the average daily outflow (w thdrawal + evaporation + |eakage + water

quality).

2.7. A water supply reservoir should be designed to provide enough
storage to offset historically recorded tinmes when the inflowis |ess

than the outflow If the historical period is less than 50 years
then stochastical nethods should be used to develop frequency data
Consequently, this reservoir wll always provide enough water to neet

t he desi gned needs for a continuous period of tine as long as there is
no drought greater than what has already occurred historically.

2.8. Using the mass bal ance concept noted above, the anount of storage
that would be needed in any Cunberland Ri ver Basin reservoir to neet
w t hdrawal demands through all historical drought periods could be
det er m ned.

3.0. Engineering Mt hods

The foll ow ng paragraphs discuss the engineering methods used to
arrive at the data presented in this study. This portion of the study
al so di scusses any assunptions nmade and the sources of data that were
used.

3.1. General Procedure:

3.1.a. To determne the npbst severe drought inpacts wupon the
hydr opower pool, special consideration nust be given to the starting
conditions wthin the hydrol ogi c nodeling process. The starting water
surface elevation of the reservoir was assuned to be equal to the top
of its hydropower pool elevation (648.0 feet). Several nodel runs
were nmade to ensure that the nodel is started at a date (within a 15-
day span) such that the hydropower pool continuously |lowers during the
drought period. This insures that no excess inflow to the reservoir
is included in the drought period. An overflow is also set at the 648
el evation within the hydrologic nodel. This insures that any inflows
that m ght raise the pool above the 648 el evation would not be stored
in the reservoir.

3.1.b. Reservoir evaporation was first determ ned as nonthly vol unes.
It was then converted to average nonthly flows to allow subtraction
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from the average nonthly inflows. In sone nonths this resulted in
negative flows because there was nore evaporation than inflow

3.1.c. Leakage froma damis the total anmount of water passing through
under and around the dam The anmount of |eakage at any dam is an
el usive quantity because there are so many unknown vari abl es. Leakage
at Center Hill Damis estimated to be 90 cfs. It was assuned that a
constant outflow represents | eakage and water quality outfl ows. The
| eakage was represented in the nodel by a Low Level Qutlet (SL) card.
This allowed a constant outflow of 90.0 cfs at the 648.0 foot
el evation. It was assunmed that an orifice located at the streanbed
with an area of 1.465 square feet was representative of | eakage.

3.1.d. There are mandatory water quality releases of 80 cfs every
other day for Center H Il Reservoir. Lake Cunberland, Center Hill
Reservoir, and Dale Hollow Reservoir are used to provide a constant
flow to the Cunberland River so that the dissolved oxygen | evels bel ow
Od Hckory Dam are Kkept to a mnimm level of 5.0 ng/l

Approxi mately 69% of the flow is contributed by Lake Cunberland.

Center Hi Il Reservoir and Dale Hollow Reservoir contribute 16% and 15%
respectively. Table 1 shows the theoretical nean nonthly mninmm
inflows needed at OAd H ckory Reservoir and the theoretical nean
mont hly m ni mum outflows (releases) fromCenter H Il Reservoir.
Table 1
Theoretical Mean Monthly Qutflows for Water Quality
for Center Hill Reservoir, Tennessee
Qutflows to Meet
Mont h Di ssol ved Oxygen 69%
of Level s at Lake 15% 16%
Year A d Hickory Cunber | and Dal e Hol | ow Center Hil
(CFS) (CFS) (CFS) (CFS)
January 0 0 0 0
February 0 0 0 0
Mar ch 0 0 0 0
Apri | 1500 1035 225 240
May 4900 3381 735 784
June 7600 5244 1140 1216
Jul'y 9100 6279 1365 1456
August 9400 6486 1410 1504
Sept enber 7400 5106 1110 1184
Cct ober 1000 690 150 160
Novenber 0 0 0 0
Decenber 0 0 0 0

In addition to the water quality releases, the m ninum Southeastern
Power Agency (SEPA) requirenents nust be nmet for hydropower
generation. During the summer nonths, the water quality rel eases are
made t hrough the turbines and are sufficient to nmeet the m ninmum power
requi renents. The sanme percentages of releases are used as were used
for water quality. Table 2 lists the mninmumoutflows for power.




Table 2

Mean Monthly Qutflows for Hydropower
for Center Hill Reservoir, Tennessee
Qutflows to Meet
M ni nmum
Mont h Hydr opower 69%
of Requi renent s Lake 15% 16%
Year from Basin Cunber | and Dal e Hol | ow Center H Il
(CFS) (CFS) (CFS) (CFS)
January 6700 4623 1005 1072
February 7600 5244 1140 1216
Mar ch 8300 5727 1245 1328
Apri | 8300 5727 1245 1328
May 5800 4002 870 928
June 6300 4347 945 1008
Jul'y 8300 5727 1245 1328
August 8300 5727 1245 1328
Sept enber 5400 3726 810 864
Oct ober 4100 2829 615 656
Novemnber 4200 2898 630 672
Decenber 5100 3519 765 816
Because water quality releases are made through the turbines, the
hi gher of the water quality or the hydropower releases was used.
Table 3 lists the nean nonthly outflows for Water quality and
Hydropower at Center Hill Reservoir.
Table 3
Mean Monthly Qutfl ows
for Center Hill Reservoir, Tennessee
Mont h Water Quality Hydr opower Maxi mum
0] Cent er Cent er Cent er
Year Hill Hill Hill
(CFS) (CFS) (CFS)
January 0 1072 1072
February 0 1216 1216
Mar ch 0 1328 1328
Apri | 240 1328 1328
May 784 928 928
June 1216 1008 1216
Jul'y 1456 1328 1456




August 1504 1328 1504
Sept enber 1184 864 1184
Cct ober 160 656 656
Novenber 0 672 672
Decenber 0 816 816
The releases made at Center Hi Il Dam were entered as negative flows

into a DSS file.

3.1.e. The critical, lowflow period (md-July 1953 to Dec 1953) was
then routed through the reservoir. The critical period was
representative of the |lowest recorded inflows actually occurring over
the | ast 88 years.

3.1.f. The withdrawal rate from Center H Il Reservoir is fixed at the
ten year anticipated future need for all M wusers, plus 10% for any
new users. Three sets of conditions were used in the nodel to
determine the mnimum reservoir water surface elevation during the
desi gn drought period: 1) evaporation only; 2) evaporation with water
quality or hydropower and |eakage; and 3) evaporation, water quality
or hydropower, |eakage, and anticipated water supply usage to the year
20009. The storage required to neet the water supply demand is the
difference in the |owest elevation attained w thout water supply and
the one with water supply.

3.1.g. Wien additional withdrawal s are requested which surpass the 10%
set aside for new users, the sane data nust be used as a base for
recalculating the inflow hydrograph and rerunning the mass bal ance
nodel .

3.2. Evaporation.

3.2.a. Evaporation is a significant factor to be considered in the
design of water supply reservoirs. The lowest inflows in the
Cunmberl and River Basin have occurred during the nonths June through
Novenber . The inflows before and after the nonths of June and
Novenber are generally sufficient to fill the reservoirs to the top of
t heir hydropower pools. Evaporation data is not needed for the period
of time the reservoir is above its hydropower pool. A longer, nore
conservative period from June to February is used for this study to
ensure that the reservoir returns to the top of its hydropower pool
A review of critical drought reservoir data supports these assunptions
as bei ng reasonabl e.

3.2.b. The evaporation for each nonth over the eight-nonth period
(June - February) was determ ned from National Wather Service “d ass
A’ pan evaporation data. During the critical period of 1953-1954, no

evaporation data were available for Center H Il Dam Therefore, the
evaporation data was determ ned by using the United States Geol ogical
Service station at Center H Il Dam near the dam Latitude 36:06,

Longi tude 085:49, elevation 580.0 feet. This site was used for the
period between 1964 and 1975. The maxi num nonthly rates recorded in
this period by this station were used to sinulate evaporation for the
1953 drought vyear. These evaporation rates and the associated
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outflows are shown in Table 4. Evaporation rates were based on the
hi ghest val ues that actually occurred between 1964 and 1975.



Tabl e 4
Evaporati on Rates and
Evaporation Qutflows for
Center Hill Reservoir

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Max. Monthly [1.97 [1.85 [4.76 |6.05 [6.37 |7.66 |7.54 |7.07 | 5.48 |4.35 |2.53 |1.50
Evap. Rates

Lake Hef ner 0.7 0.3 0.4 0.4 0.4 0.6 0.7 0.8 0.9 0.9 1.2 1.1
Cl ass “A
Pan
Conver si on
Factors

Adj ust ed 1.38 |0.56 [ 1.90 | 2.42 | 2.55 |4.60 | 5.28 |5.66 [4.93 |3.92 [3.04 |1.65
Evap.
Rat es

Evaporati on 37 17 51 67 68 128 142 152 137 105 84 44

Rat es as
Qut fl ows
(CFS)

3.2.c. “Class A" evaporation pan data differs from actual |ake
evaporation. The difference was adjusted by nultiplying the “Cl ass A’
evaporation data by Lake Hefner pan coefficients for each nonth.

3.2.d. The nonthly evaporation rates were considered as inches of
storage within the reservoir. The elevation at the top of the
hydr opower pool was chosen as the starting elevation from which to
cal cul ate equivalent reservoir storage volunes in terns of inches of
evapor at i on. This elevation is the npbst conservative because it
results in the nost “volune” of evaporation.

3.2.e. The evaporation data was then converted to flow data in terns

of equivalent storage within the reservoir. The Center Hi Il Reservoir
storage-capacity tables “Cunberland River Basin, Center H Il Wter
Control Manual, Volunme VIII” were used to determ ne day-second-feet

(DSF) lost on a nonthly basis. The quantity of DSF |ost nonthly was
di vided by the nunber of days in the nonth to determ ne a nean nonthly
daily flowin cfs | ost through evaporation.

3.2.f. Converting the nmonthly evaporation data to flow data allowed a
convenient neans of applying the time distributed data to the
hydrol ogy nodel. This was acconplished by conmbining this flow data as
a negative inflowinto the reservoir.

3.2.g. Center Hi Il Reservoir was inpounded in 1949. Sedi nentation was
considered in the design and was included in the construction cost.
The sedinentation rate of Center H Il Reservoir is 0.5 acre-feet per
square mle per year, obtained from Center H Il Dam and Reservoir:
Reservoir Sedinentation Ranges Resurvey of August 1984 (Decenber
1986). During a 100-year period, 108,700 acre-feet woul d be deposited
within the reservoir between el evations 470 and 618.

3.3. Estimated Reservoir |Infl ows.




3.3.a. hjective and Scope. The objective of this work was to devel op
an inflow hydrograph to Center Hill Reservoir assum ng the nost severe
drought conditions recorded occurred under existing conditions. The
hydrol ogic nodels used for this wirk are existing nodels being
devel oped for reservoir regulation by the Nashville D strict. The
scope of this work was to develop the inflow hydrograph in the fornmat
necessary to utilize it in a water supply reallocation study on Center
H Il Reservoir.

3.3.b. Ceneral. The Nashville District is developing the hydrol ogic
nodels utilized for this work for use in reservoir regulation. Table
5 lists the specific watersheds and their drainage areas that are
contai ned in those nodels.

Table 5
Wat er sheds and Drai nage Areas for
Center Hill Reservoir, Tennessee
Wat er shed Type Dr ai nage Area
(square m | es)
Calfkiller River Bel ow oBS 175.0
Sparta, TN
Collins River Near oBS 641. 2
MM nnville, TN
Caney Fork at Rock oBS 1,678. 0%
I sl and
Falling Water River oBS 67.0*
Near Cookeville, TN
Rai n on the Pool Cal cul at ed 36. 0*
Caney Fork Local Cal cul at ed 393. 0*

* The sum of these watersheds equals 2,174 square mles, which equals
t he published value for the drainage area at Center Hi Il Dam

3.3.c. Rainfall-Runoff Modeling. The Corps' conputer program HEC 1
"Fl ood Hydrograph Package,”" was wused to develop the Center Hill
Reservoir inflow hydrograph. HEC-1 produces a discharge hydrograph
that represents inflow into the reservoir. This discharge hydrograph
is a result of applying rainfall excess, or runoff, to a unit
hydr ogr aph. The unit hydrographs are devel oped by synthetic nethods
and calibrated to historic events by sinulating observed events.
Rai nfall excess is essentially that portion of rainfall that can be
observed in a stream as either baseflow or surface runoff. A
significant portion of the volune of rainfall is either absorbed into
the ground or vegetation. A nodified version of HEGC-1 was used to
predi ct these transformations.

3.3.d. APl Continuous Losses. The Antecedent Precipitation |ndex
(APl') method was used to determne rainfall |oss rates for the drought
simulations. This nethod was devel oped by the Nashville District to
nodel continuous events on the Cunberland River and its tributaries.
The APl nmethod of transformng rainfall to runoff is enpirically
based. Ther ef or e, the matching of observed occurrences is
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acconplished by using calibration techniques. The actual rainfall
loss rate is based on the week of the year and the antecedent
rainfall. The week of the year accounts for several physical
processes such as tenperature, evaporation rates, vegetation and hours

of sunlight. The calibration of this nodel
is discussed at the end of this section.

and its use in this study

3.3.e. Historical Rainfall Information. Historical precipitation data
for the drought anal yses were collected from Nati onal Wather Service
(NWS) data archives. The precipitation gages used in this study are
within fifty mles of the |ocal drainage basins. A total of fourteen
gages were selected and collectively used to determ ne total
continuous rainfall anpbunts and/or patterns for the years 1927 to
1997. The gages and their respective years of record available for
use in this study are listed in Table 6. Rainfall records for all of
the gages listed in Table 6 were retrieved from CD-ROM s cont ai ni ng
NWS records.

Table 6
Avai |l abl e Precipitation Gage Information Wthin
Fifty Mles of Watersheds Contri buting

to the Center Hill Reservoir, Tennessee
Gage Nanme Station DSS Pat hnane Type Dates in

Type Operation
Rock | sl and Hour |y ROCKI SL Preci pitation 1948 — 1962
Summitville Hour |y SUWM T Preci pitation 1948 — 1980
Mont er ey Hour |y MONTEREY Precipitation | 1948 — Present
Al t anont Dai |y ALTAMON Preci pitation 1948 — 1962
Cagl e Dai |y CAGLE Preci pitation 1948 — 1980
Cookevill e Dai |y COOKEVI L Precipitation | 1951 — Present
Fal | s Creek Dai |y FALLSCR Preci pitation 1949 - 1970
Gai neshoro Dai |y GAl NSBO Preci pitation 1948 — 1975
Statesville Dai |y STATESV Precipitation | 1951 — Present
Li vi ngston Dai |y L1 VI NGS Preci pitation 1948 - 1991
MM nnvil | e Dai |y MCM NNV Preci pitation | 1927 — Present
Mont er ey Dai |y MONTERE Precipitation | 1948 — Present
Sparta Dai |l y SPARTA Precipitation | 1948 — Present
Center H Il Dai |y CENTERH Preci pitation 1948 — 1970
Dam
Rocky River Dai |y ROCKYRI Preci pitation 1949 — 1962
Smthville Dai |y SM THCA Preci pitation 1948 — 1954
CAA AP
3.3.f. DSS Dat abase. All of the historical precipitation gage data

records were entered

were entered in regular
system al |l ows direct
HEC-1 and PREC P

i nput
The nodified version of

into the Corps
time series format.
and out put from nmany Corps’
HEC-1 used for

(HEC1- API') makes use of the DSS database system

DSS dat abase system
The use of this database
model s such as

this study

The data



3.3.9g. Basin Average Rainfall. The Corps' conputer program PRECI P was
used to develop basin average rainfall for each of the watersheds.
PRECI P conput es area-average hyetographs from observed precipitation
gage dat a. Like HEC-1, the program is designed for use with a DSS
dat abase. Rainfall at the centroid of each watershed is conputed
based on a weighted average of nearby rain gages. The gages are
wei ghted based on the least distance squared from each watershed
centroi d. The daily basin average precipitation values for critical
drought periods (discussed in later paragraphs) were conputed by
PRECIP and witten into the DSS dat abase. The conputed val ues were
then read directly into HEGC1 and transformed to inflow to the
reservoir system

3.3.h. Drought Investigations. | dentifying the npbst severe drought
for the area was the critical step in this study. Therefore, the
devel opment of a good historical database of rainfall was essential.
For this study, drought investigations were conducted by first
identifying continuous periods that were particularly dry for 3 to 4
nont hs. A review of the historical record was nade and all periods

i ndi cating possible drought conditions were identified. From this
review, the driest years on record were identified. O these
droughts, the nost critical to the Center H Il Reservoir was the 1953-

1954 drought.

3.3.i. Rainfall-Runoff Model Calibration. bserved stream gage data
must be available to perform any accurate type calibration on the
HECL1- APl nodel s. Three gages were used to calibrate the HECL-API
nodel s during drought conditions. The gages and their respective
years of record available for use in this study are listed in Table 7.
Flow records for all of the gages listed in Table 7 were retrieved
from CD-ROM s containing NS records.

Table 7
Avai | abl e Stream Gage I nformation
for Watersheds Contributing to the

Center H Il Reservoir, Tennessee
Gage Nane DSS Pat hnane Type Dates in
Oper ati on

Calfkiller R ver CALFKI LLER RI VER Fl ow 1940 - 1971
Bel ow Sparta, TN BL SPARTA
Collins River Near COLLINS RI VER NR Fl ow 1924 - Present
MM nnville, TN MCM NN
Caney Fork Near CANEY FORK AT Fl ow 1911 - 1997
Rock Island, TN ROCK | SL

To calibrate the APl paraneters, the HECL-API nodels were setup to
represent the 1953-1954 droughts. Basin average precipitation for
each event was applied to the watersheds, and the APl paraneters were
varied until the cal culated di scharges nmatched the observed di scharge
data from the stream gages. In the nodel the gage on the Caney Fork
near Rock Island, TN was calibrated using the other two gage sites.
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3.4. Results

3.4.a. The calibrated HECl- APl nodel was used to determ ne an inflow
hydrograph to the Center Hill Reservoir for the 1953-1954 drought
This hydrograph was witten to the DSS database. The inflow
hydrograph was utilized in the water supply reallocation study for
Center Hi Il Reservoir.

3.3.b. When nodeling for water supply usage, the return flows (if
known) of the individual users were added to the inflows.
Consequently, the total inflow hydrograph was increased to the benefit
of all users of the reservoir.

3.4.c. The nean nonthly evaporation rates (CFS) were represented as

negative fl ows. The positive flows and negative flows were summed
together and added to or subtracted from depending upon the result
being positive or negative, the inflow hydrograph. In sonme nonths
this results in negative flows. This occurred in nonths when the

inflows are | ess than the evaporation | osses.

3.5. Area Capacity of Reservoirs.

The capacity data used for Center H Il Reservoir was taken directly
from the “Cunberland R ver Basin, Center H Il Wter Control Mnual
Vol ume VII17. The data in that report was devel oped from 10-foot

contour maps. The actual storage vol unes were conputed by the average
end-area nethods. The data in the survey report is tabulated in one-
foot increnents. Interpolation was used when necessary.

3.6. Storage Routing to Determ ne Water Supply Yield.

The nodified Puls (level pool) storage routing nethod contai ned within
the Corps’ HEC-1 conputer programwas used.

3.6.a. To determne the storage for the fixed yield of Center Hill
Reservoir, a routing was made for the worst of the drought events
assumng no water supply usage. A continuous inflow hydrograph (a
conbi nati on of inflow |eakage, and evaporation) representing the 1953
drought event was devel oped and input to HEC-1 using “Q” card fornmat.
The tinme ordinate for the wthdrawals (negative) hydrographs was
21,600 mnutes (15 days). The time interval for the inflow
hydr ographs was 60 mnutes (1 hour). The conputation period for the
hydrograph routing was 1,440 mnutes (1 day). Daily rainfall for the
pool was cal cul ated using the basin average rainfall of the Caney Fork
Basin for the drought year and was input to conpute the increase in
wat er surface elevation resulting fromrain on the pool.

3.6.b. HEGC-1 allows reservoir storage areas to be input directly or to
be conputed by inputting surface area at various elevations. HEC- 1
uses a conic nethod to conpute storage volunmes from provi ded surface
ar eas. Because the storage values were devel oped using end-average
met hods, el evation-storage values were directly input into the nodel.
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3.6.c. To conplete the routing at each reservoir, a representative
i nfl ow and outfl ow nust be provided. For the purpose of water supply
yield analysis, three types of outflow were accounted for. The first
source was evaporation. This outflow as accounted for by subtracting
maxi mum nonthly evaporation (converted to flow rates) from the
continuous flow hydrograph. The second source of outflow was a
conbi nati on of evaporation, |eakage, and water quality or hydropower
releases. The SL card was added to provide for a constant outflow of
90.0 cfs that represents the | eakage. The third was a conbi nati on of
evaporation, |eakage, water quality or hydropower, and water supply
average daily withdrawals in cfs for all M users. The wthdrawals
were entered into the DSS file as negative values, which the HEC 1
nodel adds to the inflow hydrograph.

3.6.d. To define the nmaximm inpact of water supply wupon the
reservoir, the nodel was run for the drought period under all three
conditions until a date was found at which the water surface began to
steadily decrease below the hydropower pool. From this run of the
drought period, the | owest elevation and date for all three condtions
was also noted. The difference between el evations was cal cul ated and
storage-elevation tables were used to determ ne the nunber of acre-
feet of storage required for water supply. The dates can be used to
define inpacts of water supply on | ake levels with respect to tine.

4.0. Inpacts from Water Supply upon Center H Il Reservoir

4.1. The inpacts from water supply upon Center H Il Reservoir were
measured in four ways. First, the starting date at which the water
surface elevation began to steadily decline was the sane day as
wi t hout water supply. Second, the lowest elevation reached during a
critical drought was 0.5 feet |lower than w thout water supply. Third,
the |l owest elevation date occurred 2 days later than wthout water

suppl y. Fourth, the date at which the reservoir water surface
el evation returned to the top of the power pool was 1 day later than
the date wthout water supply. For Center H Il Reservoir the
foll owi ng i npacts occurred:

Dat e Water Lowest Dat e of Dat e Water

Surface Elev. FEev. Lowest El evation

Began to (Feet) El evati on Ret ur ned

Steadily to Top of

Decl i ne Power Pool

(648.0 feet)

Wt h
Evapor ati on
Only 10 Cct 647.6 22 Nov 24 Nov
Wt h
Evapor at i on,
Leakage, &
Wat er
Quality 01 Aug 635. 2 05 Dec 31 Dec
O Hydr opower
Wth
Evaporati on,
Leakage, Water
Quality or
Hydr opower, & Water
Suppl y 31 Jul 634.7 06 Dec 11 Jan
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Even during a severe drought, hydropower releases wll be nmade at
Center Hill Reservoir. The hydropower rel eases al so serve the water
qual ity function by maintaining a m ninmum di ssol ved oxygen | evel at
A d Hickory Dam As a result hydropower shares the inpact of
evaporation and sedi nentati on.

Evaporation Storage (ES) = 7,600 acre-feet

Water Quality and/or Hydropower and Leakage Storage (WQLHS) = 216, 000
acre-feet

Wat er Supply Storage (WBS) = 8,500 acre-feet

Hydr opower ( HYDRO) 492,000 acre-feet — WS — WQLHS - ES

259,900 acre-feet

Portion of Evaporation Storage for Water Supply (WSE)

= ES x (WBS/ (HYDRO + WSS + WQLHS))
= 7,600 x (8,500 / (259,900 + 8,500 + 216, 000))
= 133 acre-feet

During a severe drought, flood control is not an issue so flood
control storage was not used to share the sedinentation pool.

0.5 ac-ft/nmi? * 2,174 mi %/ yr * 100 yrs
108, 700 acre-feet for 100 years

Sedi nent Pool Storage (SPS)

Hydr opower Storage, El. 648 (HS) = 1,330,000 acre-feet
Portion of Sedi nent Pool Storage for Water Supply (WSSPS)

SPS x (W8S + WBE) / (HS — SPS)
108, 700 * (8,500+ 133)/(1, 330,000 — 108, 700)
768 acre-feet

Total Storage needed for Water Supply

WSS + WBE + WBSPS
8,500 + 133 + 768
9,401 acre-feet

The above nunber of acre-feet is based upon w thdrawal s of 28.151 ngd
and returns of 15.26 ngd. The anobunt of acre-feet per ngd is

9,401 acre-feet/28.151 ngd = 334 acre-feet/ ngd
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